A uniquely regulated proteinase inhibitor I gene was isolated from the wild tomato species Lycopersicon peruvianum (L.) Mill. (LA107) and characterized. The inhibitor gene is wound-inducible in leaves and is expressed in unripe fruit during development. The gene (X clone 1) is present on a 15.5 kilobase pair Sall-Sall genomic DNA fragment. Southem blot analysis of L. peruvianum genomic DNA shows only one strongly hybridizing DNA fragment to probes derived from X clone 1. S1 nuclease protection experiments and Northern analyses confirm that this gene is both wound-inducible in leaves and developmentally regulated in young unripe fruit. These observations are supported by comparisons of the 5'-flanking DNA sequences of the L. peruvianum inhibitor I gene with known elicitor responsive cis-acting sequences. The transcriptional regulation of the X clone 1 inhibitor I gene in leaves of wounded plants and in developing unripe fruit indicates that the gene contains unique complex regulating elements. These elements respond to both environmental and developmental tissue-specific signals that can regulate proteinase inhibitor synthesis to protect the tissues of this wild species of tomato against predators and pathogens.
In the soluble proteins of the unripe fruit of L. peruvianum (L.) Mill. (LA 107) , inhibitor I proteins are present at a concentration of over 2 mg/mL (12) . Recently, a full length cDNA clone (pDII-4) and the corresponding protein were isolated from the fruit of L. peruvianum and characterized (21). We have used the L. peruvianum cDNA (pDII-4) to screen an L. peruvianum genomic DNA library and have identified and plaque-purified four X clones that show homology to the cDNA probe. One ofthe clones (X clone 1) was sequenced and shown to code for an inhibitor I protein possessing a chymotrypsin elastase/subtilisin inhibitor specificity. Data presented here show that this gene is under unique regulation in L. peruvianum tissues, in that it is expressed developmentally in fruit and wound-inducibly in leaves. The presence of a 5 '-upstream DNA sequence that shows identity with a known cis-acting DNA sequence in other plant genes is discussed in relation to the wound-inducible expression of this gene.
MATERIALS AND METHODS

Plant Material
Proteinase inhibitor proteins are part of the array of defensive chemicals that contribute to the resistance of plants toward pathogen and insect predation (4, 5, 13, (15) (16) (17) . In response to wounding by chewing insects or severe mechanical damage, two families of serine proteinase inhibitors, called inhibitors I and II, are synthesized in both wounded and unwounded leaves. The two proteinase inhibitor families were first found in potato tubers, where they can comprise over 15% of the soluble proteins (18) , and later in tomato and potato leaves (15) , and in the unripe fruit of wild tomato species (12) , where they can contribute to over 50% of the soluble fruit proteins. (14) and was partially cut with Sau3A restriction enzyme. The digested DNA fragments were separated on a 5 to 25% sodium chloride gradient and DNA fragments in the size range of 15 to 20 amplified library of 400,000 recombinants was immediately screened with 3'2P-labeled cDNA prepared by nick translation of L. peruvianum fruit pDI 1-4 cDNA (21).
Genomic DNA Sequence Determination A SpeI-SaII 2.6 kbp DNA fragment (pVW 1) at the 3' end of X clone 1 was shown by Southern blot analysis to code for the proteinase inhibitor I gene and was subcloned into the pBluescript vectors (Stratagene) (Fig. 1) . Exonuclease III/ mungbean deletions were made of pVW 1 and single-stranded DNA templates in the sense orientation were made for sequencing using M 13 helper phage (Stratagene protocol). The strands were sequenced using the T3 and T7 sequencing primers and other specifically synthesized sequencing primers (The DNA Factory, San Diego, CA) with the Sequenase system (United States Biochemical Corp.) using the dideoxy chain method (19) .
Southern Blot Hybridization
Ten microgram quantities of genomic DNA digested with various restriction enzymes were separated on 0.8% agarose gels (9) . Nitrocellulose blots were hybridized with relevant 3'2P-labeled DNA sequences.
RNA Isolation
Total cellular RNA was isolated from samples of leaf, wounded leaf, and fruit by homogenization directly in phenol, 0.1 M Tris-HCl emulsion, pH 9.0, and purified as previously described (6) . Poly(A) RNA was prepared from fruit as pieviously described (1 1 (Fig. 1 ).
S1 Nuclease Protection Experiments
An SspI-AccI 912 bp DNA fragment (Fig. 1) 
Isolation of Inhibitor I Genes
A nonamplified EMBL3 phage library of 4 x 105 recombinants was constructed in E. coli strain KH802 from size fractionated L. peruvianum DNA partially digested with restriction enzyme Sau3A (15-20 kbp) . The genomic library was screened with a previously isolated proteinase inhibitor I cDNA (pDI1-4) obtained from the fruit of L. peruvianum (21). Four clones showed some homology to the cDNA probe under low stringency washing conditions (1 x SSC, 0.1% SDS, 65°C for 30 min) and were plaque purified.
One clone (A clone 1) remained bound to the probe under higher stringency washing conditions (0.2 x SSC, 0.1% SDS, 65°C for 30 min). This proteinase inhibitor I gene present in a 15.5 kbp Sail-Sall L. peruvianum genomic DNA fragment was further characterized. The restriction map of the X clone 1 is shown in Figure 1 .
DNA Sequence Analysis
A 2.6 kbp SpeI-Sall DNA fragment at the 3' end of X clone 1 contains the complete proteinase inhibitor I gene (Fig. 1) . This fragment was isolated and its DNA sequence was determined (Fig. 2) (Fig. 3) , the sequences at the putative transcription start site are identical, indicating that in the L. peruvianum gene, transcription likely begins with the DNA sequence 5'-ACTCAATTCC. SI nuclease protection experiments show the transcription terminates at nucleotide 1351.
Northern Blot and SI Nuclease Analysis Previous studies using the full length L. peruvianum cDNA clone pDI 1-4 to probe Northern blots showed the presence of inhibitor I transcripts both in mRNA isolated from the fruit and the wounded leaves of L. peruvianum (21). Using a 3' 195 bp DpnI-DdeI probe of the putative mRNA transcript of X clone 1 ( Fig. 1) , inhibitor I mRNAs were detected in both total RNA and Poly(A) RNA samples from L. peruvianum wounded leaves and fruit (Fig. 4) . A low level accumulation of inhibitor I mRNA was also observed in the Poly(A) RNA sample isolated from nonwounded leaves. The low-level expression in nonwounded plants is possibly due to slight wounding ofthe plants during growth and maintenance.
The results of S I nuclease protection experiments are shown in Figure 5 . These experiments were performed using the 3' end-labeled 912 bp SspI-AccI DNA fragment shown in Figure 1 . shown that the inhibitor I proteins are coded for by small multigene families ofas many as 10 genes per haploid genome (1, 7, 21) . DISCUSSION The open reading frame of the inhibitor I protein, deduced from the genomic sequence, codes for a pre-proprotein of 11 1 amino acids (Fig. 2) , and similar to other inhibitor I proteins, there is a deduced 23 N-terminal amino acid signal sequence followed by a highly charged prosequence of 19 amino acids (3, 21) . The prosequence is thought to be lost at a step during transport to the central vacuole. The mature protein is 69 amino acids in length and possesses a reactive site, with the Pi-Pi' residues being methionine and aspartic acid, respectively. All known inhibitor I isoinhibitors that inhibit chymotrypsin and/or subtilisin possess PI-PI' reactive sites of either methionine-aspartic acid or leucine-aspartic acid (3). This tomato fruit inhibitor I, therefore, has a specificity for chymotrypsin and/or subtilisin, but not for trypsin. The expression of this gene in L. peruvianum fruit is consistent with its role in defense against predators, as has been found with other proteinase inhibitors that accumulate to high levels in plant tissues ( 16) .
In X clone 1, beginning at nucleotide -42, just upstream from the TATA box, a 9 bp sequence (5'-ACCTcTGCC) exhibits 100% identity with a 5'-upstream sequence in the wound-inducible potato inhibitor I gene (1), 89% identity with sequences found in the 5'-upstream region ofthe woundinducible L. esculentum inhibitor I gene (7), and 89% identity with the same region of the potato inhibitor II gene (20) (Fig.  3) . A similar DNA sequence was previously identified by in vivo footprinting to be part of an elicitor-inducible motif (8) . In contrast, another recently isolated L. peruvianum inhibitor I gene (X clone 10) that is not wound-inducible but is developmentally regulated in fruit contains an insertion of three bp in the potential cis-acting sequence (5'-ACCacaTGCC). If this sequence is important for wound inducibility, this insertion would probably interfere with the binding of a regulatory protein to the gene, which would therefore not be woundinducible or elicitor-inducible (22) . Detailed deletion analysis of several inhibitor I genes will be required to fully understand the differential regulation of the various members of this gene family.
Because (Fig. 1) . and genes show the greatest differences in the 3' sequences that are transcribed (1, 3, 22) . Using the 3' 195 bp DpnI-DdeI DNA fragment of the X clone 1, the probe always hybridized strongly to one genomic fragment and sometimes hybridized faintly to another (Fig. 6) . The likely explanation of these analyses is that the prominent band hybridizing to the 3' probe corresponds to one gene, the X clone 1. It is this gene that is expressed in both wounded leaves and fruit. This explanation is corroborated by the S1 nuclease protection experiments shown in Figure 5 . The data show that 245 bases of the 3' probe contained homology with an inhibitor I mRNA species that is present in L. peruvianum, both in leaves of wounded plants and in unripe fruit.
Functional Implication of the Inhibitor I Gene The L. peruvianum X clone 1 codes for an inhibitor I gene that is differentially expressed under a unique dual regulation in unripe fruit and in leaves. Fruit-specific (10, 22) and leafspecific (7) tomato inhibitor I genes have been isolated, but the L. peruvianum gene (X clone I) described here is the first inhibitor I gene to be isolated that is both wound-inducibly expressed in the leaves and developmentally expressed in unripe fruit. Previous studies of L. peruvianum proteinase inhibitors have shown that an inhibitor I protein containing a novel trypsin inhibitor specificity (21, 22), and inhibitor II proteins having both trypsin and chymotrypsin inhibitor specificities (12), accumulate to high levels in the unripe fruit of this wild species. The levels of both the inhibitor I and inhibitor II proteins diminish as the fruit ripens. Because the L. peruvianum plants grow with vines on or near the ground, it has been suggested that the high levels of the inhibitor I and II proteins are required to prevent small mammals, birds, and insects from eating the fruit before the seeds are fully developed. Later, as the levels of the inhibitors decrease, the fruit becomes less toxic and more likely to be eaten, facilitating seed dispersal ( 12) .
Although the expression of foreign trypsin inhibitor genes in tobacco has been shown to negatively affect growth and development in diets of lepidoptera insect larvae (4, 5), the expression ofchymotrypsin inhibitor genes alone do not cause deleterious effects (5) . However, different insect species can vary with respect to the specificities of their gut proteinases and, as a consequence, in their susceptibility to different proteinase inhibitors (16 
